Aims: Identifying effective methods for stimulating language and communication of children with autism spectrum disorder (ASD) is fundamental to the effective use of available resources to support these children. This pilot study was designed to explore the potential benefits of a program of stimulation of executive functions (SEF) on the functional aspects of language and communication through the assessment of the functional communicative profile and social-cognitive performance. Methods: Twenty children, aged 5-12 years, with a diagnosis of ASD participated in the study. Two stimulation programs were offered over a 10-to 12-week period as part of the regular services offered to these children through a University's speech and language therapy outpatient clinic in São Paulo, Brazil. Children either received SEF intervention in their home implemented by their parent/s, with close monitoring by the speech-language pathologist (SLP) (group 1), or they received SEF by the SLP during regular speech-language therapy individual sessions (group 2). Results: The findings suggested that there were differences between the children's pre-and posttest performance. Significantly different performances were observed in the areas of occupation of communication space, proportion of communicative interactivity, and social-cognitive performance. Conclusion: The inclusion of activities to stimulate executive function abilities in language intervention for children with ASD warrants further investigation.
Introduction
Throughout the years, despite variations in diagnostic criteria and classification, descriptions of autism spectrum disorder (ASD) include impairments in language and communication [1] . Identifying effective methods for stimulating language and communication in children with ASD is fundamental to the adequate use of resources, such as specialized intervention and education, especially in regions of the world where this population is underserved or where geographic distances impede access to appropriate intervention.
The close association between language development and executive functions (EFs) has been studied for de-cades regarding specific aspects, such as meta-representation and syntactic awareness in children with ASD and Asperger syndrome [2] [3] [4] . However, it is still not clear if there is a causal relationship between them. A recent literature review [5] indicates that there is evidence of a moderate association between EFs and academic achievements but little evidence of causality. The authors also report that there is evidence that EFs can be improved by intervention.
EFs are understood as the ability to manage the mental processes that organize, control, program, and monitor perceptual and motor information already stored in memory. Numerous studies have focused on understanding the association between EFs and ASD [6] [7] [8] [9] [10] [11] [12] [13] [14] . These abilities enable the individual to define a goal, plan necessary actions, execute and monitor goals, adjusting actions as necessary, and assess the outcome of the actions [15, 16] . Stemmer and Whitaker [17] suggest that EFs include the abilities of self-control, working memory, cognitive flexibility, and central coherence. Cognitive flexibility is required in any complex activity where the person needs to consider several kinds of information at the same time. It involves the assessment of the situation and the proposal of strategies and alternatives regarding different situations and everyday demands [18] . Inhibitory control refers to the ability to hold impulsive answers, to avoid distractions, or even to interrupt an action to achieve a goal. This ability is of importance because it increases the effectivity of mental operations and minimizes the demand for information processing [19, 20] . Central coherence involves the ability to gather and process dispersed information in order to understand the whole in a coherent and integrated fashion [21] .
Working memory refers to a system of temporary storage that enables the manipulation of information and improves the learning and thinking abilities, facilitating the integration of environmental sensorial elements and information from the long-term memory [22] . Working memory is represented by two brain systems; one is involved in selective attention towards behaviorally relevant information, and the other is implemented by mainly left hemispheric premotor and parietal brain regions which underlie language functions and may also be involved in the recovery and maintenance of verbal representations during preparation for switching tasks [23] .
The abilities of goal identification, planning, executing goal-directed plans, and effective performance are components of EFs [24] . EF deficits have been found in children with ASD, and these impairments are suggested to be associated with their language difficulties, such as the inability to utilize inner speech to regulate nonroutine behaviors [7] . Other researchers have found that EF impairments are associated with language deficits intrinsic to ASD [6, 7] . In contrast, findings from some studies suggest that there is no link between language ability and EFs [4] . Results that connect EFs with language showed an association between both verbal and nonverbal abilities and direct measures of EFs [25] . The contradictory findings in the research may well be due to the large variability among individuals with ASD despite the common diagnosis.
Family dynamics are another important aspect of the intervention process with children with autism, especially when considering the more direct involvement of parents in the intervention process. Several studies have identified a high level of parents' stress, especially regarding the choice between intervention alternatives and the demands involved in providing appropriate treatment and education to their child [26] [27] [28] [29] . Parents' beliefs, limits, and challenges are important factors to consider in the intervention process, as parents frequently provide the child's major socialization experiences [30, 31] .
Previous studies have considered the inclusion of parents and caretakers in language therapy processes with children with autism. Fernandes et al. [32] studied a group of 36 children between 3 and 12 years and verified the results of a 20-week period of language therapy with different proposals: individual therapy, dyad with another child, and dyad with the mother. Comparing the results of the functional communicative profile (FCP) and the social-cognitive performance (SCP), these researchers observed that the therapies with participation of the mothers produced the best results. Reagon and Higbee [33] studied daily language intervention with 3 children, aged 2, 3, and 6 years, conducted by their mothers during 2 weeks and reported better results when including the caretakers and the familiar environment in the intervention process. Fernandes et al. [34] also reported positive results after a short period of group mentoring sessions with 26 mothers and their children with ASD aged between 5 and 11 years where the focus was placed on their experience with the children and not on the child's symptoms.
The data from the international survey (see this issue [35] ), involving responses from 1,114 speech-language pathologists (SLPs) from 35 countries, suggested that collaborative intervention practices involving parents of children with ASD should be carefully studied, especially because parents frequently report the desire of a more direct involvement in the process [35] . The aim of this study DOI: 10.1159/000479586 was to further explore parents' involvement in the intervention process and to verify if small changes in intervention protocols can improve intervention effectiveness. Specifically, we aimed to observe if the inclusion of tasks involving EFs in the language intervention process with children with autism may be beneficial as observed by improved performance in areas of functional communication and SCP [36] .
Methods
The study was conducted at the Communication Sciences and Disorders Program of the School of Medicine, Universidade de São Paulo, Brazil. The research was approved by the institution's ethics committee, and a parent or caretaker of each participant signed the approved consent form. The research used a quasi-experimental design, where each participant was his/her own control, by comparing different "moments" (pre-and postintervention assessments) of the intervention process within the same participants.
Participants
A convenience sample was used. There were 24 students with ASD enrolled in an outpatient language service, but 4 children did not complete the intervention, so the data presented are for 20 children who completed the planned intervention. The children had received a diagnosis of ASD by a neurologist or psychiatrist and were aged between 5 and 12 years. They received language therapy for at least 6 months before the onset of this study and were able to engage in cooperative play activities. Their parents were able and willing to participate in the intervention and maintained regular contact with the SLP by phone or digital means.
Since each participant was his/her own control, the inclusion criteria were defined so as to be as broad as possible. A score above 70% in the SCP assessment was required to obtain some homogeneity among the participants. In addition, the child's behavior in play activities during the semester prior to the study was observed. Verbal and nonverbal children were included. The same criteria were used with both groups. The study did not change the routine of therapeutic intervention procedures at the service where it was conducted.
Procedures
All participants were assessed regarding the FCP and the SCP [36] in the pre-and postintervention periods implemented. In the FCP, 15-min samples of child and SLP interactive play sessions were video recorded and transcribed to specific protocols. The SLP's transcription and marking were checked by another examiner, and any differences in the transcription were resolved through discussion and repeated listening to the video recordings.
The data used in this study referred to: • the number of communicative acts expressed per minute, • occupation of the communicative space (identified by the proportion of communication initiated by each participant of the interaction), • percentage of interactivity (determined by the proportion of communicative acts with interactive functions), and • the use of different communicative means (verbal, vocal, or gestural) [37] .
The SCP assessment identified the child's best performance in 7 different areas: gestural communicative intent, vocal communicative intent, gestural imitation, vocal imitation, tool use, combinatory play, and symbolic play.
The children attending the outpatient clinic formed 2 groups. In group 1, 6 children received stimulation of executive functions (SEF) exclusively conducted by their parents, at home, over a 10-week period. During this period, parents and therapists made systematic contact (by phone, WhatsApp, or Skype) to report the children's progress, solve problems, or discuss necessary small changes in the activities proposed. In group 2, 14 children received SEF during individual weekly language therapy sessions with the SLP for a 12-week period. Parents were asked to engage in follow-up activities demonstrated by the SLP at home.
The SEF program involved the use of game activities to facilitate the child's cognitive flexibility, operational memory, inhibitory control, and central coherence. These therapeutic activities could be managed at home by the parents in low-stress situations. Table 1 presents examples of the activities proposed and their goals. 
Results
The statistical analysis focused on the interaction of data between pretest and posttest assessments. Tendency to normal distribution and variance homogeneity were tested, respectively, with the Shapiro-Wilk and Bartlett tests. When the results were below 0.05, the nonparametric tests of Kruskal-Wallis and Wilcoxon were used. When the results were above 0.05, the parametric tests ANOVA and Tukey were used. Nevertheless, the aim was not to focus on comparing the effects of the 2 interventions on the children. Rather, the focus was on exploring the effect of an individual intervention in each one of the groups.
The first analysis (Table 2 ) conducted identified the areas where improvement was observed in each participant from pretest to posttest assessments. Improvement in FCP was identified as an increase in the number of communicative acts expressed per minute, change toward balance in the occupation of the communicative space, proportion of communication interactivity, and increase in the use of verbal communicative means. Regarding the SCP, the improvement was identified by the increased scores in each of the 7 areas observed. In Table  3 , the results of the Shapiro-Wilk and Bartlett tests are displayed. It can be noted that few data present a tendency to normal distribution and variance homogeneity, especially when the performance within each group was considered separately.
Regarding the performance of participants in group 1, the results of ANOVA (confirmed by the Tukey-Test) show different performances before and after the intervention period in the proportion of communication interactivity (p = 0.03) and in total SCP (p = 0.01). In group 2, a significant difference was observed only for the variable of occupation of communicative space (p = 0.001). These results were also confirmed by the Tukey test. The nonparametric analysis of both groups combined identified significant differences between both groups before and after intervention in the proportion of communication interactivity.
Discussion
This study explored the potential benefit of SEF intervention for children with ASD who received support through an outpatient speech and language therapy clinic in São Paulo, Brazil. The children received the intervention either at home implemented by their parent/caretaker with consultation support by an SLP or by an SLP directly during regular therapy sessions at the clinic.
It is interesting to compare the results of the present study with the one conducted by Fernandes et al. [34] . The children that received SEF in the current study showed more progress in their FCP following intervention than the progress reported by the groups in the previous study, despite the previous study requiring a longer period of intervention (20 sessions compared to between 10 and 12 sessions in the current study). These results suggest the need for further consideration as to which factors contributed to the positive outcomes. The attribution of specific tasks for the parents to conduct at home, frequently followed up by the SLP, possibly facilitated the parents' work and improved their self-confidence, allowing them to make adjustments and corrections to facilitate their child's language development.
Exploring intervention alternatives with children with ASD that include parents, caretakers, and/or other familiar adults has been shown to be an effective method to improve the quality of the language and social interaction abilities [28, 33] . The positive differences identified in the areas of occupation of communicative space and proportion of interactivity suggest that further research to examine the hypothesis of an association between the SEF abilities and language development of children with ASD may be warranted. Areas to further investigate are its benefits in increasing interactive communicative skills and social engagement abilities of children with ASD.
In the present study, all parents reported that they observed that their children's communication skills improved in the areas of communication intentionality and turn taking in conversations and increased in their oral vocabulary. However, previous studies that have tried to identify associations between central coherence and social and linguistic abilities have found weak and inconsistent results [38] . The systematic follow-up by the SLPs in the present study may have helped the parents cope with the several demands involved in their child's communication development [33] . Intervention processes with parents and caretakers can include observational learning, didactic workshops, and both passive and active coaching. It is desirable that more research is done to decide on the best combination of approaches for individual families, personalizing the intervention process.
Conclusion
In this exploratory study, an association was observed between progress in aspects of language development in children with ASD and their participation in an intervention that aimed to stimulate EF abilities. Even with the large individual differences that are characteristic of children with ASD, the results show that SEF had a positive effect on skills measured by the FCP and SCP. The inclusion of parents as mediators for activities conducted at home is a promising technique for increasing the stimulation provided for these children. However, few parents were able to participate in a long-term home-based intervention, and this needs to be considered when planning intervention. These results suggest that more research on different methods to involve parents in their children's intervention and personalized models of intervention with parents/caregivers should be considered.
One of the most relevant limitations of this study is the small number of participants, particularly in the intervention that required parents to be more actively involved in the home intervention. The inclusion of parents in interventions is challenging due to parents' working schedules, personal literacy abilities, and other family or community responsibilities. This continues to be a challenge for future studies to address.
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